Abstract-The basic parameter for defining the quality of the image is its resolution which can be under the influence of:
INTRODUCTION
The principle assumption of the authors is the fact that basic characteristics of the linear system of gaining and processing an image are: impulse response of the system and optical transfer function. The impulse response of the system is understood as a reaction on input function coming from punctual radiation source. It is also called a spot or function of broadening in the professional literature [2] [3] [4] .
In case of one-dimension system its equivalent is a line broadening function, which is a response of system to input function coming from extremely narrow (infinitesimal) slit or a boundary of the two areas of high contrast of luminance.
THEORETICAL BASIS OF THE METHOD
From the point of view of an information theory, starting point of image processing system, e.g., luminous screen, can be consider as a multi-channelled optical line of communication. The number of channels (which have the spatial character) equals the number of discreet location in a field of screen elementary fields of local averaging of function of intensity distribution. These areas present the smallest elements of image called "pixels", but their sizes are limited by physical and technical conditions in processing stage. The number of pixels as well as a number of possible levels of greyness for a pixel, and the number of frames transferred by system in a unit of time determine the measure of informative proprieties of the system pertinent to structural, metric and temporary information represented generally by a signal.
The distortions of a signal of temporal-spatial character with the gradation of intensity transferring the mentioned three kinds of information appear in form of:
• contrast distortions connected with structural information; • noise distortions pertinent to metric information; • inertial distortions concerning the temporary information.
The assumptions of the presented method require further research on the first two kinds of distortions.
Real-valued function of two spatial variables defining intensity distribution in an output reference plane, which is received as a result of punctual stimulation in an input point, is called the point spread function PSF. Usually a condition of normalization is superimposed on this function:
The PSF function is the fundamental for the picture generating process. It is, however, of the ideological character in the first place due to difficulties with its practical measuring. The response of the system to linear stimulation, so-called line spread function (LSF), strictly connected with PSF, is devoid of this defect. This function describes the changes of intensity across the line in output plane. The condition of normalization for LSF function is:
where the axis u is perpendicular to the considered line. The line spread function is possible to receive by recording the signal of luminance during the movement along the spot of dispersion, a detector in a form of very narrow port. If direction of this movement marks the axis x, while the port is parallel to the axis y then it is equivalent to the relationship between PSF and LSF presented by formula:
There is the third function connected with already introduced spread functions, being the response of the system to the edge stimulations (discrete) so-called -Edge spread function ESF. This function describes an output image being an image projection of an input image in a form of the edge change (jump) of intensity in the input plane. The edge spread function can be received by recording the signal of luminance during the movement along the spot of dispersion, a detector in half-plane form. By keeping the direction of the movement along the axis x we can describe such a system with the following formula:
This is what results from formulas (2), (3), (4):
These functions can be used directly to estimate the quality of processing systems or there can be calculated on their basis different profiles such as MTF. The presented method based on practical calculation MTF requires the loading of a parameter called depth of modulation of in/out signal. The parameter with large practical meaning can be defined as a ratio of M and M 0 of depth of signal modulation on entry (input) to depth of signal modulation on exit (output) and is the measure of quality of transfer of modulation by the system. The relation (ratio) depends on the frequencies of spatial f x , f y . Quantity M/M 0 as a function of f x , f y we call modulation transfer function MTF. We can describe MTF as follows:
where:
are sine and cosine of Fourier transform. It is easy to notice, that Equation (6) describes MTF function with the help of function modulus of Fourier transform of function PSF:
Therefore the conclusion is that the quantitative estimation of system credibility in function of spatial frequencies requires the calculation of characteristics of MTF, gaining and processing system considered as the whole.
THE METHOD OF REALIZATION OF EXPERIMENT AND DIGITAL CALCULATION OF MTF
The idea of the experiment carried out by the authors was based the use of the results of measurement of signal coming from monochromatic camera CCD recording the image of a black and white test to calculate the point spread function PSF. The test was in a form of white cardboard with mark-black plush material, stuck in the centre. A sharp edge with high contrast of luminance was made in this way. The edge was located perpendicularly to the direction of recording of CCD. The scheme of a system is presented on Figure 1 . The analogue signal from a camera was sent to oscilloscope. With the help of oscilloscope the input parameters of the camera were set up, such as the diaphragm and focal length as well as specific lighting of test. The adjustment of these parameters lasted until the moment when the adjustment of a signal coming from the black fragment of the test and a level of black standard analogue signal was get on oscilloscope. It was assumed that such an arrangement equals the maximum contrast of luminance of the test (Figure 2) .
Then an image signal was converted by A/C conversion with the help of SVIST card and a test image was recorded into a file form. The following activities were similar to those that are applied to all other images in the system, that means transformation of graphic formats was done, sending data to subsystem data processing, recording into a new digital file form (in the system of Erdas Imaging) and was displayed on a monitor. Next the values of lightness of pixels, lying on the line crossing the border of black and white areas, were read out (Figure 3) .
Obtained series of lightness measuring tests in a function of the following number of a pixel on a line created the vector of measuring data v j . That vector was read in to the computer programme Mathematica, where the next calculations were executed. Because the information connected with the resolution of the system is contained in a shape of impulse response of an arrangement samples having numbers j min = 245 to j max = 270 were separated for further analysis. For the needs of calculation the normalised vector of data w n was defined as:
The vector of data w n was presented (see For numerical reasons calculations of Fourier transforms have to be held on the basis of sample numbers being the power of a number 2. Therefore the number of samples as a 2 8 was assumed and a discreet function was defined, describing a single impulse as a function f k in a form:
The domain of a function is being extended, establishing simultaneously that the function will take the zero value for points with indexes larger than j max − j min . To assign to a step of sampling the physical quantity in the studied system (size of a pixel) the step of sampling of recording camera was marked at r = 0.02 mm. Then the Fourier transform of this function was calculated:
The next step is the transition to physical co-ordinates assuming that the interval between samples is about 1/(r * n) where n is the number of computing points FFT. In this way we receive the optical function of transporting the OTF system, that is the dependence of amplitude of a spectrum in the function of spatial frequency presented in units 1/mm. Normalised to one unit the OTF module makes the function of transport of the MTF contrast, shown in the picture (see Figure 5 .) This profile makes the criterion of the assessment of system usefulness and its influence on image material of definite parameters. On the basis of this profile it is possible to determine what spatial frequencies are transferred in the system with a definite probability. It is possible to determine from these descriptions the contrast of objects that were recorded onto image material.
The received profile defines unambiguously that frequencies of about 15 l/mm (line per millimetre) are very well processed through the system used in the experiment. It is possible to unambiguously specify with what contrast all spatial frequencies will be transferred by reading out of the graph the coefficient of the depth of modulation.
FINAL CONCLUSIONS
By defining the modulation transfer function (MTF) of the digital processing system it is possible the optimal selection of the entrance parameters of the system (scanning resolution, frequency of sampling and quantisation) which will guarantee the minimization of losses caused by the applied devices. Besides that, in case of having the particular processing system it is possible to specify the required parameters of gaining the images on the basis of calculated profile MTF.
It is the universal function describing quantitatively the metric distortions which can appear on digital images. Because the way of calculating this function is clear, it guarantees objectification of the assessment of an image resolution ability transferred by any system of gaining and processing data. Applying of this function allows the considerable lowering of costs of executed tests and engagement of complicated equipment as well as large groups of people to asses the results of measurements.
